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Series Preface

Planning is a universal concept baﬁed on the propo-
sition.that if you think a bit about what you intend to
do, you are likely to do whatever it is better than if
you don't think about it. This process of thinking aheagd
generally involves gathering information, analyzing the
information and then formulating one or more courses of
action to follow. The planning system presénted here
embodies these elements\in operational procedures for

planning for school districts.

The Vocational Education Planning System for Local

School Districts draws heavily upon a growing body of

experience in educational planning which has been gene-

" rated by Government Studies & Systems (GSS). The intro-
duction describes these concepts. Out of this experience
has evolved a set of planning techniques, particularly
suited by design and through actual usze, to enable effec-
tive planning. The bases for and uses of indicators,
planning factors, forecasts, models and others of these
techniques are .clearly laid out in this manual as they

appear in the normal course of the planning cycle.

This manual is one of several resulting from a project
to design §1anning procedures for local and state vocational
‘education agencies. This manual describes the overall
planning process for LEAs. It 1s to be used in conjunction

with the following manuals:
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Volume I: Local Education Agency Users' Manual

Volume II: Local Education Agency Users' Data
Collection Manual

Volume III: Local Education'Agency'Planning
Analyst's Procedures

Volume IV: State Appiication Funding Procedures
Volume V: Enrollment Forecasting Procedures
Volume VI: Procedures for Estimating Adult and

Post-Secondary Potential Enrollment
Volume VII: Job Demand Forecasting Program
Volume VIII: Training Materials

Volume IX: . Guide to Project Manuals

"The most important ingredients in effective planning,.
however, are the people who do the planning. The planning
team itself should include, at the very lcast, those who
are going to be directly responsible for the execution of
the plan, once developed, and those who are otherwise
directly affected by the plan. People who particivate in
the planning process, who see their input take shape in a
plan, tend to be better advocates and implementors of that

plan.
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GLOSSARY

The Glossary which follows is provided so that readers will
know meanings of special terms used in this report. Some terms
will be familiar, but some are statistical terms not common to
anyone except statisticians. We have tried to keep technical
language to a minimum, although in some sections it was necessary

to use a certain amount of statistical terminology.

Age Distzibution - the number of people in each age group

among the total population.

Base Case - expectation of what will happen in the future if

the present school programs and staffing policy remain in effect.

COMENR - community enrollment forecaster computer program
which yields prospective public secondary school enrollment by

grade and year for a district.

Community Development - new housing.

Community Enrcollment - students enrolled in all types of

schools =--public, private, parochial--within a particular school

district.



Entry Status - the year at which students are expected to

enter the school district for which a forecast is being prepared.

EPS - (educational planning system) an analysis process (in

part computerized) yielding among other things the base case

analysis.

Grade Retention Ratio - same as '"succession rate."

Input - information entered into computer.

Qutput - information from computer.

Override - new or judgmental data put into computer after
initial run to adjust the final enrollment forecast (override

data is usually supplied by LEA staff).

Persistence Rate - the number of people in household wunits

in vYear n+1 who were in those units in year n.

Printout - printed data from computer.

Run - computer processing and printout of data.

f
Sending District - the school district transferring students

into school district for which a forecast is being prepared.



Service Time Distribution - number of years, on ‘ie average,

a student remains within a given school or district service area.

Standaré Deviation - a technical term, in general use among

statisticians, meaning a measure of the spread of the data about

the average, (technically the square root of the variance).

Student Intentions File - information from students on their

next and future year's plans in regard to program selection.

Succession Rate - also called retention ratio or survival

ratio, meaning if there are s students in a grade this year and n
is the number of those students who are in the next higher grade

(in the same school) next year then n/s is the succession rate.

Example
year 70-71 11-72
grade 9 10
students 160 90 then succession

rate = 0.9

(from same school)

The Model - the enrocllment forecasting plan, in whole or in

part, depending on context (used rather loosely).

Tolerable Forecast Error - the level of error within which

it 1is ©possible to forecast realistically, and beyond which

accurate forecasting could not be done.



Transfer Rate -the number of students transferring from a

sending school to the school district being projected.

Type of Student or Student Type - a breakdown of students

into categories: handicapped, disadvantaged, gifted, regular.

VOCEDENR - a computer program which will yield a first
estimate of prospective public school vocational-education
enrollment by school grade, year, voc-ed program, area and type

of student.

Weighted, Weighting - making some information have more
significance than other in the model, for example, more recent
information 1is giwven heavier weight in the analysis than older

information.
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Introduction

Enrolliment forecasting, the art of predicting the number of
students who will attend a given school in a given year, is
familiar to every school administrator. It is a most necessary
ingredient in all planning for educational facilities. Clearly
the objective is to come up with a figure as close as possible to
actual enroliment so that advance planning will be knowledgeable
and realistic. The method of enrollment forecasting described
here will enable administrators to reach <this objective more
accurately than in the past, and, further, will enable them to
Plan realistically five years in advance.

Secondary Enrollment Forecasting is only one part, although
an important one, of the New Jersey Vocational Education Planning
System Project, which has been prepared by Government Studies &
Systems, Inc. The overall project includes design,
implementation, production of user manuals, training materials,
forecasters, for use by both state and local vocational education
agencies.

While this report is directed specifically towards secondary
enrollment forecasts for the New Jersey Vocational Education
Planning System Project, the forecasting method obviously has
general application for forecasting overall enrollment, or for
any particular enrollment needed.

To wuse this enrollment forecaster for the first time
requires an initial information-gathering effort by school
administrators and staff. The administrators will be adding their
judgments on the data. Gathering the data and coming up with an
estimate of enrollment and the judgments will go like this: 1)

IToxt Provided by ERI



past public enrollment, new-housing trends, census data, and
current vocational enrollments will be fed into the computer; 2)
the computer will yield estimates of public school secondary and
vocational enrollment by grade and year; 3) the LEA staff will
evaluate this output and add its estimate of intersystem
transfers and non-houseﬁold (institutional) enrollment; 4) LEA
7eturns the corrected and judgmental data to the computer; 5) the
computer reforecasts using the new data and comes up with a
closer enrollment for five years into the future.

After the initial information-gathering is completed, the
job will then be to feed the computer upéated information. The
computer will then, taking into account past and future
projections and new situations, turn out predictions, thereby
freeing admininstrators from this task and enabling planning
officials to get a better overall picture of educational needs.

This manual covers the administrative procedures for
collecting and processing of data. Most LER's have procedures
already established for similar purposes. The procedures
introduced here are to be interpreted as suggestions for

modifying or augmenting the existing procedures.

Tne General Fprecasting Scheme

One of the most important factors in five-year enrollment
forecasting is new housing planned for the area being forecast.
New housing directly effects population figures. Therefore the
number of new units to be built must be known as accurately as

possible in order to predict enrollment.
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Since the distribution of enrollment by grade correlates
closely with the distribution by population by age, it is
possible to develop enrollment estimates by grade on the basis of
expected new housing in the school district.

Public s$chool enrollment constitutes only a part, although
the largest part, of most district's school enrollment. Private
and parochial school enrollments, and student transfers to or
from public or private or parochial schools must be taken into
account. Much of the uncertainty involved in estimating future
public school enrollment results from the wvariability of such
transfers.

This enrcllment forecaster prepares estimates of recent
intersystem transfers primarily Aon the assumption that both
public and non-public enrollments will grow or decline at equal
rates subject to the pattern of new housing. This assumption is
reasonable in districts where new housing is potentially of major
importance. Its wusefulness in areas where this is not true has

not been explored.




Description of Computer Programs

The fiow chart on the next page, Figure 1, shows how the
secondary level eﬁrollment forecaster operates. The communify
enrollment forecaster (COMENR) requires three groups of
information each year for its initial run: 1) how many new
housing units were authorized by municipal officiais the previous
year, 2) how many net resident births occurred within +the LEA's
jurisdiction, 3) active enrollment by grade K-12 and post-
graduate as of March 31. Active enrollment here means LEA area
resident, non-tuition, non-institution students attendiné public
schools which feed the LEA schools.

COMENR first generates an estimate of annual housing
increases, using historical data from the previous year's output.
This estimate is then combined with the most recent community
age distribution estimate in order to estimate increases or
decreases in school age population (5-19 years old). From this
estimate a forecast of enrollment by grade which is consistent
with the housing trend is derived.

The next step COMENR takes is to assume that, in the absence
of intersystem student transfers, enrollment in both public and
non-public school systems would change in proportion +o changes
in the community's age distribution, induced by changes in the
housing supply. Any past divergence of actual public school
enrollment from this assumption (including divergences due to
statistical bias) is attributed to intersystem student transfers.
Estimates of intersystem transfers are then printed out by grade

and vyear. COMENR calculates a weighted average estimate of



Furecasting Activities
Schematic Summary

Past public Past and prospective
enrollment history trends in census,

housing and birth data

LEA policy group Forecast enrollment
evaluation of pro- using COMENR: vyields
spective development, prospective public
intersystem transfers, secondary enrollment
and non-household »1 by grade and year
enrollment: enter

adjustments

Obtain current

enrollment in

"voc-ed by grade.

by program, by
school

|

Run VODEDENR to

yield prospective
public enrollment -

by school, grade,

year, voc-ed pro-
gram

lPlanning system:
| Base case analysis |
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transfers, with weighting arranged to make past year data four
times as significant as four-year-old data.

The standard deviation of transfers by grade is calculated
about the weighted averages; and a tolerable forecast error is
calculated as plus or minus twice these standard deviations. 1In
the data explored so far, this range of error is a&a.Jdequate to
include all the variations observed. The tolerable forecast
error has been approximately 2 percent of public school
enrollment at the secondary 1level (grades "7-12, in the
aggregate). The public school percentage of total community
enrollment is also printed out by grade and year.

Outputs are discussed in detail in the next section of this
- document.

(The final printed output is a set of index numbers by which
the actual September enrollments, when known, can be extended to
yield estimated grade 9-12 enrollment for the next five years.)

This enrollment estimate is subject to LEA satisfaction that
the COﬁENR assumptions on housing growth, intersystem transfers,
and tuition and institutional enrollments are realistic. Staff
can provide override information on these items, and COMENR can
be run until all appropriate assumptions are incorporated. (When
final September 30 enrollment figqures are entered, the program
will extend them according to the giv%n set of index numbers to
yield a final estimate of fall enrollment by grade and year for
the entire district.)

The next program, VOCEDENR, produces estimates of enrollment
by grade, year, voc-ed program in vocational courses. This is

done for each school and summed for the LEA district as a whole.

=10~



Figure 2 is a more detailed flow of the process.

Particularizing the General Scheme

The model deals with five age groups: births, 0-4, 5-9, 10-
14, and 14-19. An assumption is made that population changes due
to changes in the number of households are evenly distributed
within five-year age groups. Thus, if one hundred students aged
10- 14 years o0ld are expected to arrive in the community as a
result of new housing, it is assumed that twenty of them will be
10 years old, twenty will be 11 years bld and so on. Anothgr
assumption made 1is that various statewide statistical averages
apply to each district.

The enrollment estimate is based on reported housing and
birth information for the previous yeaxr, estimates of new housing
fdr current and future years, and an average allowance for
intersystem student transfers.

The enrollment forecaster is first run in Augqust. This run
estimates errollment for April of the coming year and for five
future years. April 1is <chosen since (a) it allows easier
coordination with census data (the census is taken in April), (b)
it represents a good average level between September and June.
(Enrollment tends to decline over the year.) Wwhen actual
September en;ollment figures for the current year are available,
they are compared to the August run (April forecast), the LEA
veviews the run and the actual enrollment figures and other
éctual data, and then stipulates changes, if necessary.

To assure the relevance of the forecast, the LEA should:

-11-~
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—Compare the housing trend in the forecast with reports of
actual). building activity since the beginning of the year and
with ascertained plans of major builders in the district.

—Measure the number of estimated intersystem transfers
against non-public school crowding, expansion plans,
expected tuition changes, etc.

—Check the number of tuition stﬁdents from other districts or
students from institutions predicted to transfer into the
district against actual trends and against a sending agency
or district's estimate of how many they expect to transfer.

To assist in these judgments, the computer prints out the bases
on which the estimate is reached.

In this model, the estimates of prospective housing growth
are designed to be somewhat generous without being unrealistic.
The forecasting goal, here, is to be most accurate among those
who tend to overestimate.

The model is designed to operate for clusters of
municipalities. It is suitable for areas where clusters of
municipalities closely approximate school district boundaries,
provided that the boundaries have not changed for six years and
no changes are expected within the five-year forecast period. If
boundaries are changed, two separate compute:r runs must be made.
The reason for using the "cluster of municipalities" boundaries
instead of school district boundaries is that the State census
information used in the forecasts is obtained by censusing
municipalities and not school districts. However, we know of no
case in New Jersey whefe school district boundaries split a
municipality, so that the "clusters of municipalities" method

ERIC
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should be applicable to all schcol districts, with possibly a

rare excepticn.

Theoretical Background

The factors affecting public school enrcllment are complex.
This is why enrollment estimates based on grade retention ratios,
the traditional estimating_device, are not accurate except in the
short run. Such estimates, using only internal data, are highly
conditioned by past experience, and fail to take 1into account
important factors in the outside world. The alternative employed
here is to relate enrollment forecasts to specific geographic
area and its changing conditions.

The demographic model has been named "mobility analysis" and
departs from the +traditional natural increase, net-migration
models in several important respects. In the traditional
approach, one assumes that the most recently censused population
stays put. Then one calculates what this populagion would number
after a few years if certain birth and death rates prevailed.
Final adjustments to account for net migration are then made by
using past biases to project into the future. This method does
not allow for the variations in ferti;ity of migrating population
nor does it provide for miagration increases.*

The model employed here initially assumes no new hcusing in
the community, and subsequently adjusts its forecasts to reflect
reported or expected changes in the housing supply. This initial
assumption allows for both the fertility of migrated population
and the tendency of existing population to spread out over wider

areas as time goes by. Adjustment for housing supply changes is

~-14-
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not difficult, particularly since housing development statistics

are generally well reported and available in New Jersey.

References
The rationale for this approach is discussed in Appendix D

of Eandbook of Statistical Procedures for Projections of Public

School Enrollment, available through Superintendent cf Documents,

Government Printing Office, Wwashington D.cC. 20402, as document

HES5. 224: 24027,

Further discnssion is available in the Journal of the

———

American Institute of Planners, November 1969, and the 1969

Proceedings of the American Statistical Association, Social

Statistics Section, p.216f.

3ince these documents were written, the model employed has
been further refined to accommodate housing supply growth in
terms of both apartments and single family developments and to
incorporate information on births. wWithout these refinements,
accuracy of estimate over the short-run of one to three years
with regard to total population has been at the 5 percent level

or better in 2/3 of the cases.
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COMENR - Description_of Output - Refer to example printout at end
of the Manual (Section VI)

The critical output appears on page four of the example
printout. For an eleven year span, from five years before the

current year {o five years after, the following are printed:

A. Annual Housing Gain (number of new housing unitsj:
There are two options for producing these figures. One
is for the user to do ‘their own forecasting by
inputting the figures for all eleven years; this was
done in the example case and will be explainéd in the
description of the "“override® feature on page two of
the printout. The second option is to input the
figures for earlier years and let the program do the
forecasting. For details on the method of calculation,
see the comments in the section of the program 1listing

entitled "Calculate Housing Growth."

B. Community Total Enrollments by Grade:
The first four years of school enrollments for the
total coﬁmunity are printed out as they were input by
the user, for kindergarten through post-graduate
(thirteenth grade). Then follows a printout of the
community enrollment by grade-group (e.g., 7-8) for
those years, calculated by samming ¢the appropriate
enrollment figures. The seven future years'!
enrollments are projected by the program, taking into

account the population expected and cther factors. For

_17...




details on the calculations, see the section of the
programs labelled "Project Community Enrollment from

POF and ENROPR Arrays."

Public Enrollments by Grade:

As with the community enrollments, the information for
the first four years, for kindergarten through post-
graduate, is provided by the user and input to the
program and the grade-groups are calculated by summing
enrollments for appropriate grades. The future years
are proiected by taking into account the percent ¢of the

community enrolled in public schcols, "transfer rates"

and Ysuccession rates" (see glossary).

The calculations can be found in the section of the
program beginning "Calculate Percent Public, Succession
Rates and Transfers". The c¢alculations for the
kindergarten are done differently than for the other
grades. This is because the basic figures are
calculated on a diagonal, going down grades and across
years, which would leave the kindergarten row
undefined. Therefore, the year to year change in
enrollment for the kindergarten is calculated on the
basis of the year-to-year change in the total community
enrollment for kindergarten, taking into account the

average transfer rates.

~18-



The programs begins by printing out the data which the user

has provided as input.

Page one of the example printout shows:

A. Persistence Rates_by Age Group:

The age groups referred to are as follows: 1) birth 2)
zero-four 3) five-nine 4) ten-fourteen 5) fifteen-
nineteen 6) total. The term "persistence rates" refers
to the proportion of people in an age group that will

still be in residence next year.

B. People_Per Added-Household by Age Group:
These figures are also given by the age groups
described above. The "Technical Details" section

explains how the user is to arrive at these figures.

C. Enrollment Operators by Age-Group_ Index (1-3):

Enrollment operators 1is a matrix relating grade
enrollment to age group population. Here, figures for
three age groups 1) five-nine 2) ten-fourteen 3)fifteen-
nineteen are printed out for each grade from
kindergarten to post-graduate. Again, the calculations

can be found in the “Technical Details" section.

D. CY-2 Population by Age_Group:

These are population figures for the year CY-2 (two
years before the current year), for each of the six age

groups mentioned previously.

ERIC -19-




F.

Community Enrollment by Grade-Index:

These figures are for the first four years of *he
eleven year span discussed previously. They represent
the total number of students enrolled in all the
schools of the community, by grade, for each of the
years. They are calculated by adding the public school
enrollments (obtained from the school business office)
to the private school enrollments (usually obtained
from the private school agency offices or the State

Department of Education).
Public Enrollments by.Grade Index:
As stated above, these figures, for the first four

years,fcan be obtained from the school business office.

New Housing Fiqures by Year:

These figures are provided by the user for a five vyear
period from seven years before the current year. They
are divided, as can be seen in the example printout,
inte single-family and multi-family housing units.
Multi-family refers to apartments, dwellings containing
five or more units. Single family refers to all non-
apartment housing units or all dwellings with three
bedrooms or more. This information can be obtained
from the Office of Business Economics of the New Jersey

Department of Labor & Industry.

-20-



Page Two of the exampie printout is a continuation of the user

provided data.

Housing Supply CY¥-2: This is the total number of housing
units in the community, divided intc single-family and multi-

family, for the year Cy-2.

Housing Projection Rule: For the same year, according to
whether the actual‘ number of new housing units is greater or
smaller than the expected number, one of two rules for projecting
future numbers of housing units is selected. For details on the
different methods of calculation, see the section of the program
beginning "Determine New Housing Growth.” The next two items

printed on page two are Expected New Single Family Housing for

CY¥-2 mentioned above and the BActual New Single Family Multi-
Family Houging for C¥-2. For that same year, the Births for CY-2
are input and printed out on page two. The birth data is
obtained from the N.J. Department of Health; birth figures are
adjusted to show place of residence rather than place of birth.
Net infant death figures are also obtained so that these births
will not be taken into.account in the future estimates. Both the
housing and birth data are reported by county and municipality,
so that it is necessary for the LEAR to sum up the inﬁormation for

all municipalities in its territory for input to COMENR.

Public Enroliment by Grade-Index for CY¥-1: As with the

previously mentioned four years' public school enrollments, this
information, which is for one year before the current year, can
be obtained from the schools.

ERIC
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override Input for New~- Housing Fiqures by Year: This

feature is optional. If the user wishes to forecast the number
of new housing units for future years, rather than legying the
program do it, the word "OVRRIDE--" is punched on a card just
following the data card with the public school enroliment for CY-
1. This indicates to the computer that the next two cards to
follow will contain user supplied estimates of new housing units
for the seven year period from the year before the current year
(CY-1) to five years after (CY+5), one card for single-family and
one card for multi-family units.

For details on the automatic methods of housing projection
calculation used in the program, see the section of the program
listing beginning "Determine New Housing Growth Rule®". The last
item on page two of the example printout, also only printed if
the override option is used, 1is a reprint of.the new housing
data, from seven years before the current year +to iive vyears
after. This completes the printing of the user input data.

All input data is bunched on cards, according to the format
gspecifications in the section of this report entitled
"Preparation of Data Inputs", and submitted with the program
cards to enable the computer tc produce the rest of the output.
The actual order and setup of the cards for the whole forecasting

system will be discussed in "“Operation Instructions".

Page Three of the example printout has a table of population

figures by age group for one year before the current year to five
years after, projected by the program. The calculations take

into account persistence rates and effects of new housing. The
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next line of print on page three represents the effective birth-
rate for the same seven year period, based on the total
population for the year, by applying the effective birth-rate of
the previous year. The section of the program in which these
calculations are made begins "Prrject Population (all age groups)
and Births", The last item on page three is the projected
housing supply (total number of housing units) divided into
single-family and multi-family units, for that same seven year
spane. The total housing supply is calculated by adding the
projected new housing for the year in question to the total
housing for the previous year (total housing for CY-2 was input

by the user, as you may recall).
Page four of the example printout has already been discussed.

Page Five has a table by grade across the same eleven year span
as shown on page four containing 1) the percent of the total
community school enrollments which refer to non-tuition public
school, 2) the succession rates (see glossary), 3) the transfer
rates (see glossary) and the mean and standard deviation of the

transfer rates for each grade.

Page Six, the 1last page of the exampie printout, has another
table of the succession rates by grade, showing the year to year

change on a diagonal.
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VOCEDENR - Description of Output

The main output of COMENR is a table of enrollments (both
for the whole community and for the public schools alone), by
grade and by grade group. VOCEDENR provides for tables of just
vocational education enrollment figures, also by grade and grade
group, Separated out by program of study. If the user has
available current program enrollments separated into the
different schools in the district, this program will produce
tables by school, as in the example printout. VOCEDENR takes as
input the total public school enrollments by grade from COMENR,
from the current year to five years beyond. If the user prefers
to supply "Moverride'" enrollment information instead of that
forecasted by COMENR, this can be done, és will be explained in
the "Operations Instructions". The formuia used for calculation

of the vocational education enrollments is as follows:

Forecasted Enrollment for a Particular Year, Grade and Program =

Current Enrollment Total Public School Enrollment for

for that Grade & Program X the Year of Forecast & that Grade
The Current Total Public School
Enrollment for that Grade

The output, as can be seen in the example printout, simply
gives for each school and then for the whole district ("Total for
all Schools") a table for each grade, by program of study, of the
vocational education enrollments, across the six years Hust
mentioned, current year to five years beyond. If the wuser has
not prcvided current vocational education data for a particular

grade (either because there are no vocational courses given in

that grade, or because the information was not available), or for
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a particular program within a grade, there will be no table
printed (or line of print within the table) for that item. The
last table in the output is a total for all schools in the

district and all grades in the schools.
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SECTION IV

DETAILS OF PROGRAMS

Input Preparation




Preparation ¢of Data Inputs A-COMENR

This section deals with the data cards centaining the user-
supplied information which is printed out on pages one and two of
the example printout. Exhibit VI-1 is a printout of the data
cards used in the example case, exactly as they are punched. The
chart which follows shows what each of the cards contains and in
which columns the information should be punched. Numbers should
be right-justified within the columns allotted to them. This
means, for example, if you have the number 123 and it is to be

punched in columns 11-20, the card should look like this:
1{2]3

o1 '3 g 1Y 1 'T 18 9 R0

Preparation of Data .Inputs B= VOCEDENR

If the total public school enrollment figures are taken from
CQMENR, as was done in the example case, then the first set of
déha to be provided by the user is the 1list of program
identification numbers and names of the vocational programs of
study in the school district. The number of cards is equivalent

to the number of programs, and the cards are punched as follows:

Chart_ IV-3
COLUMNS CONTENTS ' FORTRAN FORMAT
1-5 Any 5 digit ands/or letter iden- (AS5)

tification code for program

9-24 Program Name (2a8)
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Figure IV-2

Page 1 of 2 pages

PREPARATION OF DATA INPUTS - A-COMENR

CARD NO. FORTRAN
TYPE CARDS CONTENTS COLUMNS FORMAT
1 2 GRADE HEADINGS 10 col/grade (10Aa8)
These cards can remain as in
Exhibit VII-5. There should
be no need to change them.
2 1 RUN HEADING 1-80 (10A8)
Any title which the user
wishes will appear at the
top of every page of out-
put.
3 1 CURRENT FISCAL YEAR 2~-5 (1x,I4)
4 1 PERSISTENCE RATES 8 col/age (6F8.4)
grp. includ-
Punch all 6 age groups ing decimal
across one card. point
5 2 PEOPLE~PER~ADDED-HOUSEHOLD 5 col/age (6F5.3)
grp. includ- '
Punch all 6 age groups ing decimal
across each card; one card point
for single-family, one card
for multi-family.
6 14 ENROLLMENT OPERATORS 8 col/age (3F8.4)
grp. includ-
Punch the three age groups ing decimal
across =ach card, one card point
per grade.
7 1 POPULATION 6 col/age (6I6)
grp.
For year CY-2; punch the 6
age groups across one card.
8 4 COMMUNITY ENROLLMENTS 5 col/grade (1415)
Punch all 14 grades across
each card - one card per
year. :
9 4 PUBLIC ENROLLMENTS 5 col/grade (1415)

Punch all 14 grades across
each card - one card per
year.
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Figure IV-2 {cont'd)

Page 2 of 2 pages

PREPARATION OF LATA INPUTS - A-COMENR

{continued)

CARD NO. FORTRAN
TYPE CARDS CONTENTS COLUMNS FORMAT
10 2 NEW HOQUSING 5 col/year (515)

Punch all five years across
each card - one card per
year.
11 1 HOUSING SUPPLY CVY-2 6 cols/hsa. (21I6)
type
Punch 2 types of hoiusing
units across one card.
12 1 HOUSING RULE AND EXPECTED 5 cols/each (21I5)
NEW HOUSING FOR CY-2
(SINGLE-FAMILY)
13 1 ACTUAL NEW HOUSING CYy-2 5 cols/hsg. {21I5)
type
Punch 2 types of housing
units across one card.
14 1 'BIRTHS CY-2 1-5 (I5)
15 1 PUBLIC ENROLLMENT CY-1 5 cols/grade {1415)
Punch all 14 grades across
one card. ‘
16 1 OVERRIDE 1-8 (A8)
(optional) '
17 2 OVERRIDE INPUT FOR NEW 5 cols/year (715)
(optional)| HOUSING FIGURES CY-1-CY-5

Punch all 7 years across
each card-one card/housing

type.
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The next set of cards consists of the current enrollments in
vocational educational programs, (by school),* by program by
grade. The number of cards is optional. The program will
process as much or as little information as it is given. one
card represents {(a single school), a single program and a single

grade within that program. The grades are represented by their

number values, except for elementary which is deroted 'E ', and

Post Secondary which is denoted 'PS'. Seventh, eighth and ninth
grades are punched with a zers before the number, as illustrated

in the chart below:

Chart_Iv-4§
COLUMNS CONTENTS FORTRAN FORMAT
1-2 Current Fiscal Year {(last two (12)
digits)
4-9 District (or School} Code - 6 ' (16)

digit number

11-34 District and/or school name (6AU4,AT)

37-38 Grade (k_..07,08...PS) (A2)

40-4y Program Code (5 nuﬁbers and/o (A5)
letters) :

h6-49 Enrollment (4 digit number) (I4)

*school categorization is optional

Current yeaf, district/school code, program code and

enrollment must be "right-justified" (as explained eariier).
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If VOCEDENR is to be run separately, with "override" total
public school enrollment data prowided by the user, the following
8 cards must precede the program list: one card per grade (first
grade through sixth are summed to give a card for "elementary"),
in order by grade, from elementary to post graduate, with total
public school enroliments for six years, from current year to
five years after-years going across the card.

Each card should thus have six numbers punched across, each
number being given five columns, right-justified within those
five columns. See the data printout section labelled "override

total public enrollment figures.m®
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SECTION V

OPERATION INSTRUCTIONS
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The following charts represent card deck setups for running
J
»COMENR and VOCEDENR from source decks on an IBM 360 or 370

computer. 1f another machine is to be used job contr9ol langquage

cards must be changed accordingly.
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Chart v-1

RUN INSTRUCTIONS: COMENR VCQCEDENR FROM SOURCE DECKS

JCL to mark end
of computer run

VOCED enrnllment )_‘

CURRENT VOCED ENROLLMENT FIGURES - 1IN ORDER BY |
data

SCHOOL (IF THERE IS TO BE A DISTINCTION BY SCHOOL)

JCL to say more
card data follows et

JCL to mark end —
of program list

pata: list of —(
programs
of study

PROGRAM CODES AND NAMES

JCL to say card //SYSIN DD *

data follows - |
JCL to receive //FTPLF@PL DD DSN=&&ENRPAS,UNIT=SYSDA,DISP=(OLD,DELETE)
enrollments —_— ' -
from COMENR VOCEDENR PROGRAM SOURCE DECK
Program ey /

jd

//SOURCE DD *

Fortran JCL
for next program=-—>=

// EXEC FORTGCG

JCL to pass //SPACE=(TRK, (1,1)),DCB < (RECFM:FB,LRECL- 30, BLKSIZE=240) |11 ~N

enrolliment
figures to
VOCEDENR
(need these
cards even
if running
CMENR alone)

//FTP1FPPL DD DSN:=&&ENRPAS,UNIT=SYSDA,DISP=(,PASS),

CMENR PROGRAM SOURCE DECK

Program ————. .
//SOURCE DD * f
Fortran ,
JCL for /] EXEC FORTGCG LL running tf
first = _ two programs,
JOB CARD separately,
program these cards _,
will run %
CMENR; see i
next page
for running °}
VOCEDENR R
Q - separately
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b i+

- of computer

" VOCED enrollment

Char- V-2

RUN INSTRUCTIONS: VOCEDENR WITH OVERRIDE I1XFO PROVIDED BY USER
FOR TOTAL PUBLIC SCHOOL ENROLLMENT

JCL to mark end
*(

CURRENT VOCED ENROLLMENT FIGURES

Y

data

JCL to say more

card data follows

[ /FTP5F@@2 DD *

JCL to mark end
of program list

/%

PROGRAM CODES AND NAMES

JCL to say card //SYSIN DD *

data follows

"OVERRIDE™ TOTAL PUBLIC SCHOOL ENROLLMENT DATA

Total enrollment
data ———.{'

JCL to say total
public school

enrollment data
to fcllow

//FT1F9P1 DD *

Program

VOCEDENR SOURCE DECK

//SOURCE DD *

/! EXEC FORTGCG

Fortran
- JCL

-

! JOB CARD




SECTION VI

TECHNICAL DETAILS § PREPARATION OF PARAMETERS




Procedures for Estimating Persistence and People-Per-New Housing
Unit Factors

The persistence factors are deduced from data from the past
two census (ten years apart) using linear regression.
(Users are assumed to have access to the necessary statistical

competence.)

Let P2a = population in age group a in the second of two census
/
Let Pla = population in age group a in the earlier of two

census

The age groups of interest are:

tH 0-4,
2: 5-9,
3: 10-14,
4: 15-19,

5: Total population,

6: 0-4 in relation to total population

A sample of about 20 counties with characteristics similar
to the county in which the district exists (and including that
county, if one wishes) should be. chosen. From the census data

for these counties, determine PalO' hz, c5 by regression:
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- 10 = 1=
PZa = Pa Pla + hoH + c4 for a = 1-5
for a=6 use

=p 10 .

Here H is the number of new housing units built between the:
census years (including the former); data which is availablie from

the census.

Assuming that the standard errors are 1low, the regression
coefficient reasonably high, and the constant terms c, are
negligible, the relationships are a good fit. We can use them to

extrapolate into the future.

The P, (the 10th rooth of Palo ) are the persistence
factors. The h, are the people in the correspondiné age group
per housing unit. The hg can be used as input"tp the
enrollment forecaster (unless better estimates for future values
are available from some other source).

P6 is called the "“generation' rate.

Enrollment-Operations

' The census aata provides directly the data for translating
population by age groug toﬁ enrollment by grade group. (The
latest census should be used.) The data by age group will not

add up to 1.0 since not all children are in school (grades 1-12)

especially age groups 5-9 and 14-19.
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The inverse of this matrix will provide data for translating

enrollment by grade to population by age group.
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SECTION VIX

PROGRAM LISTINGS

EXAMPLE OUTPUTS
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Edited by Robert £E. Coughlin

Research Report

MOBILITY ANALYSIS

Arnold R. Pos!

Mobility analysis is described as a technique more useful
in small area demography than traditional methods
which rely on concepts of nutural increase and net
migration. The proposed model relates to observations
that in the absence of new housing- construction, local
populations are likely to decrease. The advantages of
traditional analysis in dealing with development of age
distributions are preserved.

Population analysis often secks to estimate
the impact of major components of population growth
for a given place. These components are usually con-
sidered: natural increase, resu]tmg from births and
deaths of people; and net migration, resulting from
their comings and goings. Traditional cohort-survival
methods of analysis treat these components as though
they were independently generated in time (natural
increase) and space (net migration). In arcas as small

" as or smaller than a metropolitan area, this treatment

may be quite deceptive.
Traditional analysis defines primaty clusters of peo-

ple by geographic unit. An alternate approach, “'mobil-,

ity analysis,” considers the housebold to the primary
population cluster. Geographic analysis, however, may
be done in terms of households so that, for a given
area, mobility analysis offers 2 method of simultaneously
working conditional demagraphic solutions in time and
space.

seldom noted difference in naturalization procedures

that makes a simple joining of census returns and vitai

statistics invalid for small areas. The second part of
this paper describes the nature of mobility analysis.
Thirdly, a conjectural analysis is developed as a basis

Azeeld R. Post has been on the st«ff of the Government Studies
Center at Fels Institute, University of Peansylvania, for the

" past zineteen Years and during much of that time hus been

responsible for demographic analyses and estimates for
numerous municipelities.

RESEARCH LEPORT: IFOST

+

The first part of this paper identifies elementary flaws |
in the logic of cohort-survival analysis and peints up a

tor judging the reasonableness of statistics that have
been derived. The fourth part outlinies the major stages
in calculation and presents some statistical findings.

Categories and Shortcomings of Traditional Analysis
Meyer Zitter and Henry S. Shryock ! performed yeoman
service when they applied the U.S. Census Bureau's
Component Method I to arrive at their estimate of
the known 1960 populations of forty-six large metro-
politan areas on the basis of 1950 census returns and
later data on vital statistics and school enrollments.
Their fi. dings revealed a marked downward bias in
the estimates and some rather large individual errors
relating in particular to the population under ten-years-
old. Although the authors took a dim view of their
findings, they did not question the basic concepts em-
ployed. These findings, I think, do relate to conceptual
shortcomings.

Component methods imply two categories of people:
natural resident and migrant. Regarding the compo-
nents of growth they generate, a tandard text * puts it
this way: “Migration is not considered ia the calcula-
tion of natural increase. In 1960, the United States

. had a natural increase (which excludes migration) of

2,545,000 because . . .”
amount. .

Actually, of course, the same types of vital events
happen to people of both classes. The treatment of
migrants as sterile and immortal constitutes one ele-
mentary flaw in the logic of cohort-survival methods.
The second pasic flaw, which is apparent at the small
area level, is failure to allow for attrition among natural
residents as they enter the migrant category.

Now, if people become migrants by moving about,
it is clear that there must be some procedure by which
migrarits become natural residents again. Otherwise,
we would have run out of natural residents long ago.
Migrants'are naturalized when determination is made
of their proper place of residence. There are two pro-
cedures for migrant naturalization: (1) census takers
naturallze the population, all at once, every ten years;
and' (2) vital statisticians naturalize persons individ-
ually and immediately on the report of a vital event.
Since migrants, too, bear children, the honest demogra-
pher has difficulty in applying the concept of natural
increase to aaticipate the census \taker when the vital
statistician g .Jpplles the data.

Exception is taken here to the standard definition
quoted above. The generally recognized problem for
demographeys in estimating net migration is actually
part of an equally dificult problem in estimating
natural increase. It would foster greater accuracy to
redcfine natural increase, taking migration /nfo con-
sideration. ‘The information system required to make
the definition operational, however, would have to be
highly complex.

Alternatively, it may be more- reasonable to apply 2

births exceeded deaths by this

_different rationale, particularly since, at the local level,

417
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net migration s constrained by land usc patterns.
which are not suffiently reflected in traditional anal-
ysis. Housing unit methods of estimate are sensitive
to these constraints, but they do not yield age disteibu-
tions.

The Nature of Mobility Analysis
Mobility analysis is, by and large, a synthesis of com-
ponent and housing unit methods of estimate. The
technique is based on the insights of Robert M. Reams,
supervisor of many special municipal censuses con-
ducted by the U. S. Census Bureau in 1957 and 1958.

Reams had taken part in the New York City census
of 1957, which revealed a completely unexpected loss
of population since 1950, especially in Manhattan.
Careful investigation showed that many of the same
families were still living in Manhatian but their chil-
dren had moved to the suburbs. From this, Reams
surmised that current popuiation should be estimated
by making some routine discount on the last known
census return with an adjustment to be added to reflect
changes in housiny supply. Within his experience along
most of the eastern seaboard, he found that 1958 special
census returns were equal to about 90 percent of the
1950 population plus about 3.75 times housing supply
change.

His insights have not gained currency, I suppose,
because of their ad hoc nature and because they seem
somewhat contrary to established notions. In estimating
natural increase, it is assumed, to begin with, that the
last censused population stays puty Since rates of natural
increase are generally positive, there is a predisposition
to expect positive growth crends if other things are
equal. Redms’ formula, on the other hand, would indi-
cate that where the housing supply is quietly stable,
a substantial decline of population is underway. There
is actually a positive implication in the fermula; but it
is one that undermines the appropriateness of analysis

- by natural increase and migration. The positive impli-

cation is that a population over the course of time
should be expected to spread out 6ver a wider area—
within or beyond a municipal boundary. This disper-
sion happens because of an incrcase iz housing need
caused by family formation; and this “natural increase
in housing need” will contzibute to outmigration if
not locally satisfied.

Ream's formula is also in conflict with standard pro-
cedure for applying housing unit methods of estimate
where the researcher establishes a trend for populaticn
per household, then estimates the number of households
to arrive at an estimate of population. If Reams’
formula is correct, the absence of a household gain
implies a drop of about 10 percent in average popula-
tion per household in the course of a decade. Other
chaages in population per dwelling would-be specifi-

cally associated with particular changes in the number .

of households. The formula kas the advantage of
making allowance for the transfer of population from

418

an origimal to an expanded housing supply. 1t iy thus
allowance wiich urites space and time in the analy s,
Synthe Probably the main difficulty with the
coneepts of natusal increase and miggation s that they -
do not provide aostandard pattern of Ioad population
behavior. "The coneepts are person-specific and corn-
munity ~peafic, respecticely. \What seem to be needed
are concepls that are commuanity-specific av well o
person-spectfic,

A persaii s refated to a community by his residence;
and plices of residence offered by a community are
high's  ominunity-specific. So long as almost all the
poputation lives in bouscholds and so long as the
vast majority of houscholds occupy durable and im-
mobile quarters, it is reasonable tp define the rumber
of houscholds as a characteristic common both t- the
population and to the community.

Let @ community be defined as declining, stable, or
growing if the net change in number of heuscholds
is negative, zero, or positive. Populatien changes in
stable communities would then represent the degree
to which population tends to persist in a given number
of households. Further population changes associated
with communily instability would then be in terms ~f
additional population per additional household, which
1s marginal change. Population growth would consist
of two components: persister e and marginal change.

Conjectural Analysis
Net Parameters Janet Abu-Lughod and Mary
Mix Foley * cctimate on the basis of surveys made dur-
ing the 1940's and 1950's that about 1 percent of the
population in 1954-55 engaged in household form:a-
tion. Presumably then, over the decade, stable commiu-
nitics would be left with .99'° or about 89 percent of
their initial household population. This figure should
be anproximately equal to a ten year persistence rate.

It is somewhat more difficult to draw a bead on
average size of margiral household. Abu-Lughod and
Foley indicate that change in family size is one of the
most significant factors associated with household gen-
eration and taking new quarters. Positive changes are
clearly the more pressing, and these come about mustly
through marriage and birth.

Ned Shilling observes that the ratio of household
heads in 2 cohort rises as the cohort ages and that for
a given age-group the rario over time is stable.* His
research covers the period 1880 to 1950 and would
appeas to have been confirmed to a high degree in the
census returns of 1960, at least those which I have in-
spected. The number of household heads generated by
a' cohort reaches a maximum by middle age since
subsequent increases in headship ratio are more than
offset by increases in the death rate. Eventually, of
course, household heads vanish with extinction of the
cohort. Since young children and their patents are
associated with household increase, it is reasonable to
expect average size of marginal household, that is;
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TABLE 1 Age-Specific Coefficrents of Marginal Change,
195060 (Permm per /:o/ue.bold)
1960 West Dcptford Regrcssicn
Ag» group approxlmanun values s

0~ A4 6B .66
5-9 S6Vv 36U
10-14 36 356
15-19 A2 307
20 24 12 359
25-29 o4 376
30-34 .60 354
35-39 .40 .340
4044 .28 254
45-49 16 173
50-54 12 141
55-59 12 094
60-64 .04 047
65-on —.00 VY
Total 4.00 4.146

* From analysis of a random sample of 20 Pennsylvania Co: nties.

® Migrants under 10 years of age were estimated in propornon to
migrant adults of child-bearing age, the proportions bein  “~Vien for
the Township's total 1950 age distribution.

\

coefficient of marginal change, to have a value higher

if the data are of high quality. School enrollments,
themselves, may constitute the best information un
local population trends. Using the enrollment data and
census cross-tabulations of school children by age and
grade, a relationship between enrollment trends and
net change in households can be found.

A distinct practical advantage offered by this method
of anulysis is that lay people find change in housing
supply a familiar and pestinent variable and :2n relate
it to contexts of building activity and land use
constraints. )
\Age-Specific Parameters To retura to more gen-
eral matters, since headship ratios are age-specific and
stable and since the processes of household generation
are also age-related, it is not unreasonable to expect
persistence rates and marginal changes to be age-specific.

e should expect low persistence rates among teen-

agers (about to set up housekeeping for themselves)

.—— Tand higher persistence rates among children and young

adults. The highest persistence rates may well be
among the middle-aged, whose household heads re-
main nearly constant for ten to fifteen years, or so.

In small communities experiencing rapid population
growth, one might expect the relative age distributions
of marginal changes and net migratory increments to

than ave[age Populauon Pet fﬂ‘fuly In 1967 average \apptommate each other. 1If SO, then appll“tlm of the

family size in the United States * was 3.70, up slightly
from 1960's average of 3.67. We can expect the
coefficient of marginal change to have a value at least
this high.

Since household generation is most closely assocnated
with young adults, we should expect this coefficient to
have a value less than the average for all families at
or approaching matus.ty. In the source referred to, the
Census Bureau reports an average of 4.38 persons for
husband-wife families with the husband under 45.
We can therefore expect the coefficient of marginal
ch’angc to lie in a range hetween 3.7 and 4.4; and the
prmcnple of insufficient reason bids us take a round
number in the middle, leading to a conjeciural estithate
of 4 persons per marginal household,

Thus, we have fashioned a rule of thumb that cor-
responds well with Reams' formula for estimting
populations of small areas. If P(¢) refers tc population
at time of most recent census; P(4-10) to population
at time of previous census; and 4H, to change in num-
ber of households at the interim, we have '

P(t)=.89 P(¢+-10) +4 4H. (1)
This rule of thumb is not significantly different from

findings by multiple linear regression utilizing data

from census tracts in the Philadelphia Standard Metro-
politan Statistical Area. See relation (2) helow.

Praciical Considerations If the rela..on holds in
a general way, it does much to simplify analysis of
local population trends since the increase ia households
represents the only unknown to be defined. Building
permit and school census information may be pertinent,
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percentage age distribution of the net-migratory incre-
ments to a L:se of 4.0 (the conjecturally estimated
average population per margnal household) should
yield an approximation of age-specific coefficients of
marginal change.

The net- mlgratory age distribution fot West DepL
ford Township, Glou-ester Coun.,f, New Jersey, is
typical of the suburban townships in the development
fringe of the Philadelphia area. The Township in-
creased in population from 5,446 to 11,152 between
1950 and 1960. Table 1 offers a comparison between
information derived from the Township’s data and find-
ings from regressions on a sample of tv.2nty randomiy
selected counties in Pennsylvania, most of them rural
and several of them losers of population. The chief dif-
ferences are among teenagers and young adults, groups
that are presumai s subject to particularly low persist-
ence rates, and amony the elderly. The latter may relate
to a lack of apartiment development in the Townshin
during the 1950's.

Persistence rates were simultaneously derived -from
the regressions on the random sample of twenty coun-
ties. Thess are compared with national survival rates
in Table 2. Application of persistence rates should
define a residual population in 3 stable commu.ity. It
is reasonable to assume that the processes of dying and
movement to new quarters are independent within a
particular age group, that is, if a person is ten-years-old,
his prospects of survival are aot apt t¢ be greatly
altered by the family’s taking new quarters, Thus, an
age-specific pessistence rate can be taken as the product

~of the appropriate survival rate and a "net remaining”

419



ERIC

Aruitoxt provided by Eic:

TABLE 2 Age-Specific Por Capita Rates, 195900
Net Net

Age Survival  Peristence  remain- Death depart-
group rate® rate® ing rate rate ” ing ratc
(a) (%) fe=bla)y  (l—-a) (! o)

04 Yoo 818 802 —.020 198
5-9 .988 751 .76 012 239
10-14 .962 575 598 038 40y
15-19 91 635 641 609 359
20-24 1.044 739 708 - —.044 292
25-29 996 754 757 004 .243
30-34 .989 .798 .807 011 193
35-39 950 .829 .873 050 127
40—44 929 .803 .864 07! 136
45-49 922 807 875 078 125
50-54 .859 .782 910 BEY .090
55-"9 871 756 .868 A9 132
60-61 .790 666 .843 .10 197
65—on 464 408 .880 530 120

* Source: LS., Bureau o, the Cev.as, Curremt Population Repors, P-23,

No. 15, March 12, 1965.
* From analysis of 20 Pennsylvania Counties.
¢ See note a.

TABLE 3
in 20 Pennsylvar. a Counties, 1950~1964

Tentative Estimating Equations for Po:- lation by Age Group

Population per
household times

Persons by = . Persistence rate 4+ household incre-

age group times ment, 1930-G0,
1960 1950 cohort (dH)
X (0—4) = ~SJ,(Y‘),i=2,....7 + 665
Xl (5'-9) = };-\,’()’().i:B..--.B 4 .560
Xs (10-14) = 818 Y:r  (0-4) + .356
X (15-19) = 51 Y (5-9) + 307
Xs (20-24) = 575 Ys 1 10-14) + .359
Xe (25-29) = 633 Y, (15-19) ot 376
X: (30-34) = 739 Ys (20-24) .+ 354
Xe (35-39) = 754 Ys (25-29) + .340
Xo (40-44) = 798 Yy (30-34) + .254_
X (4549) = 829 Y {55-39) + 173
Xu (50-54) = 803 Yy (40—44) + 141
X (55-59) = 807 Y (45-49) + .094
Xu (60-€4) = 782 Y (50-54) + -.047
X (65-69) = 756 Y (55-59) + 041
Xis (70-74) = 666 Y (60-64) + .035
X (75-0n) = .08 Y. (65-on) + 044

Note: fi(Ys) is the product of the i** cohort's persistence rate,
an age-specific birth rate, and the number of persons inehe 1950
cohort. “E" indicates that these products are to be added together
for the six indicated /-values. In the regression anaiysis, X; and X,
were taken as functions of £Y, (i=2, ..., 14) and ZY,
(i=3,..., 14), respectivcly, in combination with dH, yield:
ing generstion rates of .091 and .096, for the first two 1960 cohorts.
The determination of proper age-specific birth rates involves uverag-
irg over both time and age and has not been attempted in this
research to date, '
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rate, with the complements of these rates being the
death rate and a “net departing’ rate. The application
of net departing rstes, then, should yield an age
distuibution of population generating what has been
referred to as a “natural increase in housing need.”

As can be seen in Table 2, persistence rates are much
lower thau survival rates. The negative death rates are
an anomaly and relate to age groups where errors of
underenumeration in the 1950 census were more sig-
nificant than the actual death rate. The net departing
rate is clearly of greater significance than the death
rate for all age groups under forty-five. These two
rates approximate each other for ages forty-five to sixty;
and the death rate is more significant for the population
over sixty.

If 4 community is losing households, then, it will
generate an out-migratory stream, which would have
two components: those in "natural neced” of shelter
and those whose needs are more nearly preferential.
In a community gaining households, some of those in
natural need (on net) would not enter the migratory
stream. If enough households were added, none of the
footloose population would be obliged to leave; and
the net departing rate could then be termed a mobility
ratc. Such terminology would seem appropriate at the
national level. ""Mobility analysis’’ therefore suggests
itself as a good name for procedures relying on thesc
cuncepts of persistence and marginal change.

Statistical Findings and Estimating Procedure

Table 3 lists a first attempt at establishing age-specific
parameters for mobiiity analysis. Each line of the table
represents an estimating equation for the age group
listed in the first column. Calculations proceed in five
steps: )

1. The age groups in the initial population are
multiplied by the appropriate persistence rates to yield
estimates of surviving population ten or more years old
remaining in the iitial number of households.

2. Age-specific birth rates modified to apply to
populations of both sexes are apflied to the residual
population to estimate persistent population under ten.

3. An estimate is developed independently of

the comm:nity's ten-year gain in households.

4. The coefficients of marginal change are each
multiplied by the ten-year gain in households to provide
an age distribution of population in the added house-
holds. (In view of the established change in birth
rates since 1960, it may be desirable”to modify the
estimate of marginal population under ten-years-old.)

5. The two components are added together.

Data from the 427 census tracts outside the city of
Philadelphia, but within the Philadelphia Standard
Mettopolitan Statistical Area (PSMSA) as of 1950,
were also analyzed with respect to aggregate (non-
age-specific) population and housing changes. The
estimating equation for aggregate household population
in occupied dwellings is only slightly different from the
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PSMSA ectemuate »

Buci i, P'u.
Chesier, P,

Dielanare, Pa.
Montgomery, P,
Philadelphia. Pa.
Burlington, N.J
Camden, N.J.
Gloucester. N.J.

Total of county

cstimates

Howelndd Zoprlations, 1966 24 vusards)

Percentage

Reported Estimated error of

PLi900) Y PCION0Y - 11 dH estimate
2061 136 —1.4b
304 0 >0 9 —1.3
198 1 195.2 —1.7
Sl S33.7 - 1S
1995 ER: - 340
1,946 % 1.8V 8 -2
I. 195 2 191 - 0.4
385.9 i82.8 —U.8
1557 130.% —-2.1
1,20A.2 1.1471 —1.4

* Philadelphia Standard Metropolitan Statistical Area

® Inclusion of the constant term by adding 28 persons per census tract would
lessen the negative bias by about 23,000 persons. The constant term, however, is
not statistically significant.

rule of thumb basel on conjectural analysis [Relation
(1)7];1tis

P(r)=.89 P(+-10) +4.1 4H. (2)

An estimator was also derived with respect to change
in total housing supnly (J/TH), which includes vacant
units; it is

P(t)=.89 P(1-10) +3.92 dTH. (3)

Another analysis was made distinguishing  between
major components of the total housing supply. With

-d Apt referring to increments in apartment units (those

in structures with five or-more units) and 4SF refer-
ring to increments in sinple family units (actually, all

- others), we have

Q

ERIC

Aruitoxt provided by Eic:

P(£)=.90 P(1-10) +5.94 dSF+2.68 dApr. (4)

Standard errors for these rclations are less than 400
persons, or 7.5 percent of 5,300. the tract average in
household population as of 1960. Constant terms were
small. Relation 2 was the most precisely defined, hav-
ing' a standard error of about 350 persons with 95
percent of the errors of estimate less than a standard
errci.

The impression one gains from *his type of analysis,
as currently applied to Philadelphia, is that the city's
population is now between 1.85 and 1.95 million, some
5 percent down from 1960’s population of 2.002 mil-
lion. School enrollment data indicate a gain of about
20,000 househnlds (by 1970) whereas about 50,000
would be necessary to stabilize the population total.
Other estimates of current population that I am familiar
with indicate small gains for the city since 1960, The
special census of Manhattan in 1957 proved that a
large city can lose tens of thousands of people a year
without anyone being very much aware of the change
on a day-to-day basis. I suspect the same sort of thing
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hus Bappened in Philadclphis since 1960.

One fin.] table may be of particular interest to statis-
tical geograpners. Relation 2 was applied to data for
countics 11 the Philadelphia SMSA with the results
listcd 11 Table 4. The results are reasonably accuratc
even for Philadelphia, whose census tracts were ex-
cluded from the regression analysis which established
Relation 2. The iicm of intercst is that the nne-grained
analysis scems pertinent to coarse-grained data, a con-
dition not necessarily expected. It is common for
statistical findings to depend critically on the physical
extent of the areal units sampled.®

Suggestions
Perhaps all that can be sald at this time is that the
statistical analys:s inspired by Reams’ observations seems
to have been justified and that the conjectural analysis
has not been disproved.

Without going into an extended discussion of statis-
tical indings, it can be noted that the results have been
derived by multiple linear regression analysis and that
all the coethcients listed are of very high statistical
significance. In addition, constant terms are small, as
are standard crrors; restduals are well distributed
according to normal expectations. ’

The data have been drawa from slums, rural hinter-
land, and all types of areas inbetween, and include the
large cities of Camden, New Jersey, and Chester,
Pennsylvania. The population ‘n the set of census tracts
toialed well over two million.

it is suggested that if estimates of current population
are far out of line with application of these formulae,
it may be desirable to consider  the results only as
indicative of a range of uncertainty. Unfortunately,
there can be no guarantee vhat Pennsylvania's experi-
ence during the 1950's is appropriate to conditions in
the 1960's. An important development of the 1960's
has been the heightening of social tensions in many
central cities. If such tensions have increased the
mobility of mature familics, persistence rates may well
have been lowered in some areas with a concomitant
risc in the size of marginal families in other areas.

Author's Note: Avademic vights veserred by :h author.
\

NOTES

I Meyer Zitter and Henry %, Shryock. “Accuracy of Methods
of Préparing Postcensal Population Estimates for States and Local
Arcas,” Demagraphy. 1. No. 1 (1964), 237 and Table 8.

2 Warren S. Thompsen and David T. Lewis, Popalation P ob-
lem:s (Fifth Ed,, New York: McGraw-Hill. 1965), p. 10.

3 Janet Zbu-Lughed and Mary Mix Foley. "Consumer Stiaic-
gies' Part 11 of Nelson Fuote, «f ). iHousing Churoes and
Howsing Comvuraints (New York: McGraw-Hidl, 1960), Table
19, p. 99 and p. 100 (footnote).

4+ Ned Shiiling, “Net Household Farmation—A Demagraphic
Analysis” (unpublished Master’s essay, Columbia University. 1955),
cited by Yous Winnick, Amevicaw Housing and e Use (New
York: Witey and Sons. 1957). p. 81 :

5 .S, Bureaa of thie Census. Current Population Report, P-20.
Nao. 175 (June 25, 1968), Tables 1 and 5, .

6 See. Dancan, Cuzzort, and Duncan. Stuisiical Geograjoiy.
Problemi, in Anaiyzing Areal Data (Glencoe, Hlinois: Free Pross,
1961). . :

421



